OBJECTIVE -Whereas limited and inconsistent findings have been reported on the relation between dietary cholesterol or egg consumption and fasting glucose, no previous study has examined the association between egg consumption and type 2 diabetes. This project sought to examine the relation between egg intake and the risk of type 2 diabetes in two large prospective cohorts.
T ype 2 diabetes is highly prevalent and is associated with high health care costs and societal burden (1) . Therefore, it is important to identify modifiable risk factors that may help reduce the risk of type 2 diabetes. Eggs are not only major sources of dietary cholesterol (ϳ200 mg/egg) but also contain other important nutrients such as minerals, vitamins, proteins, carotenoids, and saturated (ϳ1.5 g/egg), polyunsaturated (ϳ0.7 g/egg), and monounsaturated (ϳ1.9 g/egg) fatty acids (2, 3) . Whereas several of these nutrients have been associated with an increased risk of type 2 diabetes (i.e., saturated fat and cholesterol [4, 5] ), other nutrients may confer a lower risk of type 2 diabetes (i.e., polyunsaturated fat [4] ).
Whereas egg consumption was not associated with coronary heart disease (CHD) or stroke overall, Hu et al. (6) reported a twofold increased risk of CHD for egg consumption of more than one per week among men with type 2 diabetes in the Health Professionals' Follow-up Study and a 49% increased risk of CHD among women in the Nurses' Health Study, compared with intake of less than one per week. Furthermore, we have reported similar findings in U.S. male physicians with type 2 diabetes but not in those without type 2 diabetes (7), suggesting that frequent egg consumption may have negative health effects among individuals with type 2 diabetes. However, it is not known whether egg consumption increases the risk of type 2 diabetes itself. In animal experiments, a diet rich in fat has been shown to induce hyperglycemia and hyperinsulinemia (8) . In addition, a diet enriched with egg yolk was associated with elevated plasma glucose compared with a control diet in rats (9) . Data from the Zutphen Study (10) have indicated a positive association between egg consumption or dietary cholesterol and fasting glucose. However, in a randomized trial of 28 overweight or obese patients on a carbohydrate-restricted diet, consumption of three eggs per day had no effects on fasting glucose compared with abstention from eggs (11) . Current data on the effects of dietary cholesterol on serum cholesterol have been inconsistent, ranging from positive associations (2, 12) to lack of effect (12) (13) (14) and may be partly due to a large variability in individual response to dietary cholesterol (14, 15) .
To our knowledge, no previous study has examined the association between egg consumption and the incidence of type 2 diabetes in a large prospective cohort of men and women. Because eggs can serve as a good source for vitamins, proteins, and other nutrients in the U.S., it is important to determine the net degree of benefit and harm of egg consumption on the risk of type 2 diabetes. The current study examines the association between egg consumption and incident type 2 diabetes among men and women who participated in two large completed randomized control trials.
low-dose aspirin and vitamin E (WHS) in the prevention of cardiovascular disease and cancer. Detailed description of the PHS I and WHS has been published previously (16 -18) . Briefly, a total of 22,071 U.S. male physicians aged Ն40 years at entry (1982) were randomized using a 2ϫ2 factorial design to aspirin (325 mg every other day), ␤-carotene (50 mg every other day), or their corresponding placebos. Similarly, 39,876 female health professionals aged Ն45 years at entry (1992-1995) were randomized to low-dose aspirin (100 mg on alternate days), vitamin E (600 IU on alternate days), or their corresponding placebos. Each participant gave written informed consent, and the institutional review board at Brigham and Women's Hospital approved both study protocols. For the present analyses, we excluded 1,368 men because of prevalent type 2 diabetes (n ϭ 641), missing data on egg consumption (n ϭ 365), or missing data on potential confounders: smoking, alcohol intake, BMI, exercise, hypertension, and fruits and vegetables (n ϭ 362). Among women, we excluded 3,581 because of prevalent type 2 diabetes (n ϭ 1,171), missing data on egg consumption (n ϭ 852), or missing data on potential confounders: BMI, exercise, smoking, energy intake, fruits and vegetables, nutrients, alcohol consumption, and hypertension (n ϭ 1,558). Thus, a final sample of 20,703 men and 36,295 women was used in the current analyses.
Egg consumption
Among men, information on egg consumption was self-reported at baseline using a simple abbreviated semiquantitative food-frequency questionnaire. Participants were asked to report how often, on average, they had eaten one egg during the past year. Possible response categories included "rarely/never," "1-3/month," "1/ week," "2-4/week," "5-6/week," "daily," and "2ϩ/day." This information was obtained at baseline and at 24, 48, 72, 96, and 120 months after randomization. Among women, information on egg consumption was self-reported using a 131-item validated food-frequency questionnaire (19) at baseline. Women were asked to report their average consumption of eggs over the past year. Possible response categories were "Never or Ͻ1/month," "1-3/month," "1/week," "2-4/week," "5-6/week," "1/day," "2-3/day," "4 -5/day," and "6ϩ/day." Because very few subjects consumed one or more eggs per day (7.8% for men and 1.0% for women), we combined categories of one per day and beyond for stable estimates. The validity of food-frequency questionnaires in similar populations has been published elsewhere (19, 20) . The correlation of egg consumption with dietary cholesterol was 0.61 (P Ͻ 0.0001) and with saturated fat among women was 0.26 (P Ͻ 0.0001).
Ascertainment of incident type 2 diabetes Type 2 diabetes was ascertained by selfreport on annual follow-up questionnaires in both men and women. Follow-up and ascertainment of type 2 diabetes cases were completed in March 2007. Because all men were physicians, self-report was deemed sufficient. Among the female health professionals, selfreports of type 2 diabetes were validated using American Diabetes Association criteria, for which additional information was obtained using telephone interviews, supplemental questionnaires, or review of medical records from treating physicians (21, 22) . Overall, the positive predictive value for type 2 diabetes validation was 91% (21) .
Other variables
Demographic data were collected at baseline. In addition, information on prevalence of hypertension, hypercholesterolemia, family history of diabetes (WHS only), smoking, exercise, and alcohol consumption was obtained at baseline. Whereas limited data on foods were available in men, detailed dietary information was collected in the WHS, allowing estimation of energy intake and nutrients.
Statistical analyses
We classified each subject according to the following categories of egg consumption per week: 0, Ͻ1, 1, 2-4, 5-6, and Ն7. We computed person-time of follow-up from baseline until the first occurrence of 1) type 2 diabetes, 2) death, or 3) censoring date, the date of receipt of the last follow-up questionnaire (March 2007). Within each egg-consumption group, we calculated the incidence rate of type 2 diabetes by dividing the number of cases by the corresponding person-time. We used Cox proportional hazard models to compute multivariable adjusted hazard ratios (HRs) with corresponding 95% CIs using subjects in the lowest category of egg consumption as the reference group. The initial model adjusted for age, whereas the multivariable model controlled for age (continuous), BMI (Ͻ25, 25-29, Ն30 kg/m 2 ), smoking (never, former, and current smokers), alcohol consumption (0, 1-3 drinks/month, 1-6 drinks/week, Ն1 drinks/day), physical activity (vigorous exercise 0, Ͻ1, 1-3, Ն4 times per week in men and quintiles of kilocalories per week expended in leisure-time physical activity in women), and history of hypercholesterolemia and hypertension. Because detailed information on diet and family history was available for women, the multivariable model in women also adjusted for family history of diabetes, energy intake (quintiles), intake of fruits and vegetables (quintiles), red meat consumption (Ͻ0.5, 0.5-0.9, and Ն1 serving/day), and intake of polyunsaturated fats (quintiles), saturated fats (quintiles), and trans fats (quintiles). To examine whether the relation between egg and diabetes was mediated by dietary cholesterol, we evaluated the risk of diabetes associated with dietary cholesterol and also included dietary cholesterol in the multivariable model in women. A similar approach was used for saturated fat. A P value for linear trend was obtained by fitting a continuous variable that assigned the median egg consumption in each egg category in a Cox regression model.
In secondary analyses, we examined possible effect modification by prevalent hypercholesterolemia (yes/no) and amount of energy from carbohydrate (low vs. high), using median energy from carbohydrate as cut point in women only, where data were available. We tested for statistical interaction by including the main effects and the product terms between egg consumption and hypercholesterolemia in a hierarchical Cox regression model (PROC TPHREG in SAS). We also conducted sensitivity analyses by excluding subjects with less than 2 years of follow-up. We repeated the main analysis using updated egg consumption at 24, 48, 72, 96, and 120 months in a timedependent Cox model in men only, where repeated measures on egg consumption were available. Lastly, we used generalized linear models and polytomous logistic regression to impute missing values for continuous and categorical variables, respectively. All analyses were completed using SAS (version 9; SAS Institute, Cary, NC). Significance level was set at 0.05.
RESULTS -The mean Ϯ SD age at randomization was 53.5 Ϯ 9.4 years (range 39.7-85.9) in the PHS I and 54.5 Ϯ 7.0 years (38.7-89.9) in the Egg intake and type 2 diabetes WHS. Among egg consumers, the median egg consumption was approximately one egg per week in men and women. Table 1 presents baseline characteristics of the study participants. Frequent consumption of eggs was associated with higher BMI, higher proportion of current smoking, higher prevalence of hypertension, and lower prevalence of hypercholesterolemia. In addition, frequent consumption of eggs was associated with older age and more alcohol consumption in men and higher energy intake, as well as intakes of saturated and trans fatty acids, and dietary cholesterol in women.
A total of 1,921 new cases of type 2 diabetes were documented in men during a mean follow-up of 20.0 years. Among women, 2,112 new cases of type 2 diabetes occurred during a mean follow-up of 11.7 years. From the lowest to the highest category of egg consumption, crude incidence rates of diabetes were 35.8, 41.3, 42.7, 46.8, 62.4, and 67.0 cases per 10,000 person-years in the PHS I. A similar increase in rates of type 2 diabetes with egg consumption was observed in women, with corresponding crude incidence rates of 39.6, 45.8, 43.3, 64.8, 76.8, and 112.7 cases per 10,000 personyears, respectively. Whereas consumption of up to one egg per week was generally not associated with an increased risk of type 2 diabetes in either sex in multivariate analyses, more frequent consumption of eggs was associated with an increased risk of type 2 diabetes (Table 2) . Compared with subjects who did not report egg consumption, intake of seven or more eggs per week was associated with a 58% increased risk of type 2 diabetes in men and a 77% increased risk of type 2 diabetes in women after adjustment for potential confounders (Table 2 ). Updating egg consumption using time-dependent Cox regression (PHS I) yielded a stronger relation between egg consumption and incident type 2 diabetes in men with HRs of 1.0 (reference), 1.10 (95% CI 0.99 -1.23), 1.31 (1.16 -1.47), 1.40 (1.10 -1.77), 1.77 (1.39 -2.26), and 1.99 (1.23-3.23), from the lowest to the highest category of egg consumption, respectively, using a multivariable model as In a secondary analysis stratified by prevalent hypercholesterolemia at baseline (Table 3) , similar patterns were observed in subjects of either sex with and without hypercholesterolemia (P for interaction 0.37 for men and 0.13 for women). Similar relations were observed between egg consumption and type 2 diabetes when data were stratified by low energy from carbohydrate (P for linear trend ϭ 0.0004 for low energy from carbohydrate and 0.12 for high energy from carbohydrate) in women only (data were not available to estimate carbohydrate intake in men), and these findings were not altered when restricted to overweight or obese subjects (online appendix Table A2 ).
CONCLUSIONS -In this large prospective study, we have demonstrated that daily consumption of at least one egg is associated with an increased risk of type 2 diabetes in both men and women, independently of traditional risk factors for type 2 diabetes. Furthermore, the observed association between egg consumption and incident type 2 diabetes was not modified by prevalent hypercholesterolemia in either sex.
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the association between egg consumption and incident type 2 diabetes in a large population of men and women. Before the current study, limited and inconsistent data (mainly from animal models) have been reported in the literature on the effects of eggs or dietary cholesterol on glucose metabolism. In an animal experiment, a diet rich in fat was shown to induce hyperglycemia and hyperinsulinemia (8) . Furthermore, Adamopoulos et al. (9) demonstrated that a diet enriched with egg yolk resulted in elevated plasma glucose compared with a control diet in male Wistar albino rats. Data from the Zutphen Study (10) showed a positive association between egg consumption or dietary cholesterol and fasting glucose. These animal studies and data from the Zutphen Study are consistent with our findings. In contrast, in a randomized trial of 28 overweight or obese subjects on a carbohydraterestricted diet, consumption of three eggs per day had no effects on fasting glucose compared with no egg consumption (11) . Because the positive associations described above were observed in studies without restricted consumption of carbohydrates, it is possible that the hyperglycemic effect of frequent egg consumption might only occur with a diet rich in carbohydrates. However, our secondary data analysis provided no evidence for such a hypothesis in that we observed similar increased risk of type 2 diabetes with consumption of one or more eggs per day in women with low or high energy intake from carbohydrate. Further restriction to women with BMI Ն25 kg/m 2 , to mimic the above trial of 28 overweight or obese subjects on restricted carbohydrate diet (11), did not alter these findings. Under the premise that our observed findings were driven by dietary cholesterol contained in eggs, one possible explanation for the inconsistency in reported data on the association between egg consumption and glucose metabolism could be the large variability of individual response to dietary cholesterol (14, 15, 23) . Whereas dietary cholesterol has been shown to increase plasma cholesterol in hyperresponders (2,12,24), no effect was documented among hyporesponders (12) (13) (14) . Second, the lack of an effect of egg consumption on fasting glucose among obese or overweight subjects in the only human randomized trial (11) may imply differential physiological effects of eggs in lean versus overweight or obese subjects. However, the lack of repeated data on fasting glucose in men and women in the present study prevented us from further exploring the relation between adiposity, egg consumption, and fasting glucose.
Overall, the observed increased risk of type 2 diabetes with daily consumption of eggs in the current study raises the possibility of undesirable health effects with high rates of egg consumption and may help explain previously reported increased risk of CHD that was restricted to individuals with type 2 diabetes in the Health Professional Follow-up Study (6), the Nurses' Health Study (6) , and in our earlier publication from the PHS I showing an increased risk of mortality (and suggesting increased risk of CHD and stroke) with frequent egg consumption by subjects with prevalent type 2 diabetes (7). It is possible that frequent egg consumption may potentiate the risk of cardiovascular disease by inducing impaired glucose metabolism and insulin resistance. Future investigations into underlying physiological mechanisms are warranted.
Besides dietary cholesterol, eggs contain other important nutrients that have been shown to increase (i.e., saturated fat and cholesterol [4, 5, 25] ) or decrease (i.e., polyunsaturated fat [4] ) the risk of type 2 diabetes. It is possible that the individual contribution from each of these components as derived not just from eggs but also from other foods may play a role in determining the net effect of egg consumption. Unfortunately, as noted above, we did not have repeated data on fasting glucose, fasting insulin, and other biomarkers of glucose metabolism in either cohort to comprehensively examine possible physiological mechanisms by which egg consumption might influence the risk of type 2 diabetes in our cohort. However, in women, where we had data on dietary cholesterol, there was attenuation of the association after additional adjustment for dietary cholesterol. This suggests that the observed relation between egg intake and diabetes may be partially explained by the cholesterol content of eggs. In contrast, saturated fat was not associated with type 2 diabetes, and adjustment for this did not attenuate the results.
Additional limitations of the present study include the observational nature of the study design in which residual confounding or unmeasured confounding could partly or completely explain our results. In addition, because egg consumption was self-reported, we cannot exclude reporting bias in the present study. However, because information on egg consumption was collected before the occurrence of type 2 diabetes, such reporting bias is more likely to be nondifferential and thus bias the results toward the null. We did not collect information on whether participants consumed egg yolk (rich in cholesterol) to further examine the contribution of dietary cholesterol from eggs on type 2 diabetes risk in this study. In addition, we had limited dietary data for men to further assess the interplay of eggs and other foods, energy, and nutrients with the risk of type 2 diabetes. The generalizability of our finding is limited as both PHS I and WHS consist of homogeneous groups (male physicians and female health professionals, respectively) with the possibility that their behaviors may differ from those of the general population. Furthermore, over 90% of the study participants were Caucasian. Given the self-report nature of type 2 diabetes, we cannot exclude misclassification of the outcome in these data, especially in the WHS where not all participants were physicians, as was the case in the PHS. However, in the WHS, we had a 91% positive predictive value in a validation study of self-reported type 2 diabetes using American Diabetes Association criteria, for which data were attained by telephone interview, supplemental questionnaire, or review of medical records from treating physicians (21) . Moreover, egg consumption was collected before the diagnosis of diabetes; thus, it is likely that any misclassification of diabetes would be nondifferential and bias the results toward the null. Nevertheless, the large sample size, the long duration of follow-up, the repeated and standardized methods for data collection in both cohorts, and the robustness of the findings in sensitivity analyses are major strengths of this study.
In conclusion, our data are consistent with possible detrimental effects of daily consumption of eggs on the risk of type 2 diabetes in both men and women. Because the median egg consumption in this population (one egg per week for men and women) fell within a range not associated with an increased risk of type 2 diabetes, dietary advice to reduce egg consumption may target individuals who consume one or more eggs per day if these findings are confirmed in other studies. Given the societal burden of type 2 diabetes, confirmation of these findings in other populations and exploration of pos-sible underlying biological mechanisms are warranted.
